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Technical Bulletin No. 811 September 1943

. - UNITED STAYES |
DEPARTMENT OF AGRICULTURE
' WASHINGTON, b. C.

Life History and Control of the Tomato
Pinworm'
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SUMMARY

The tomate piuworm {(Keiferie lycopersicefle (Buseled ) & which was
fiest veported 1o the United States from Doperinl County, Cadifl, in
T3 now aectits in nine States in (his conndry and fn Tawinii, Haitd,
Mexico, aml Pert. Larvae of the pest bave been intereepted in to-
papfoes Trom the Babuimams and from Cuba,

Henvy Josses caused by pinworms attacking tomato fruits heve
peetrred 1 southern Calitfornis both to the early- ad late-season
craps. Stiee about 19K however. the dosses have Tieen confined
prineipally to the fate cannibyge atul ket crops.

Tomato and potato ave the preferred hist plants, although actuat
damagre to potato 18w contnon,

The tonuto pinwortr is o leaf miner and leai folder which bores
into the feuit dtecing the Jatter half of its farval existence, Leal in-
jury s ueot often serions. Damage to cach frait is not great at fivst
hut usually eansex decay, and the presenee of Hecks or fnsect mjury
is objectionable. '

Plie pinworns eger, which iz small and Hght colored, i seldom seen
it the fichl, The Tarva s altea ash gray with dark-purple spots. The
wdult is o simalt gray woth abowt ane-fourth inch long. The tonato
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pinworm spends the winter or its resting stage as a pupn at or near
the surface of the soil. In California development of all stuges inay
continue on tomato plants when temperatures do not rench the freez-
ing point. The moths begin to lay egges on the leaves of new plants
in March and Aprily and lenf mining and leaf folding follow in sue-
cession.  This insect is able to develop and incrense in numbers en-
tirely on the leaves, but later the fruit is attacked. Developent
from egg to adult is so rapid that seven or eight wenerations may
oceur in one season in California.

The sexes are usually in the ratio of about 45 percent males to 53
percent females. At mean temperatures ranging from 76° to 80° It
the moths lived an avernge of 7 duys when supplied with water only,
but 814 days if given a 10-percent honey solution.

Most of the egms are laid on the upper half of the tomato plants,
and most of them are laid during the thst. 2 days after the emergence
of the moth.

The developmental period varied with the temiperature ranging trom
26 davs at 76° to 80° F. to 100 days at 30° to 55.° Under similar
conditions the incubation peried ranged from 4 to 30 days and the
larval period from 10 te 40 days.

Tupation normally ocenrs at or near the surface of the soil, 98 per-
cent of the pupac being found within the first ineh. Moths cannot
citerge normally if buried 2 or more inches in the soil.

The transportation of infested fruit, seedling plants, or picking
hoxes and the flight of moths ave the most important means of
lissenuinution,

IExtensive insecticicle experiments were condueted in the laboratory
wind au the feld from 1936 to 1941, Many contact insecticides ax well
as stomach poisons were used.  In these experiments the hest con-
trol was obtained with eryolite. Four applications of eryolite diluted
with tale te contain 70 percent of sodium fluoaluminate shoukl e
applied at the rate of 20 to 25 pomuds per aere at 10-day inlervals.
Treatment should begin when the first fenit is about an inch in diam-
eter, and the last, or fourth application, should be made just after
the first market picking.  Young plants in the seedled or small plants
soon after they are transplanted should be dusted if the pinworn is
abundang or it heavy pinworm damage is expected.

Cultural practices, such as destroying plant remnants and plowing
the fields as soon as the crop is taken off, are important control
teustres.

INTRODUCTION

The tomato pinworm, a relatively new pest in this country. cansed
such serious damage to tomatoes in southern California by 1935 that
the studies reported in this bulletin were undertaken to sletermine
s brology and to discover a method of control. Fhese studies were
continued through 1941,

The larval stage of the iuseet feeds on the folinge and fruits of
tomate and sometimes attacks the folinge of potato ane eaplant.
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Although the small larva is primazily a leaf miner anid leaf folder, it
burrows into tomuto fruits ut the stem end awmd canses damage char-
acterized by “pinholes.” 1t has therefore beeome known ag the tomato
pinworm. ~ Only n smuall portion of each infested fruit is injured, awl
unless careful inspection is maintained the presence of the pest in
tomatoes intemletf for processing may be overlooked, resulting

the contamination of the manufactured product.

HISTORY AND DISTRIBUTION

The tomato pinworni was first recognized as a pest of tomato by
A. W. Morrill (£4),* who wrote of its occurrvence in the Imperial
Valley of California and in Mexico us of 1922, stating later, however,
HY @ Kzttcr to Keifer (1), that 1923 was the correct date.  Morrill
first sent specimens of the tomato pinworm to Washington fram {.os
Mochis, Sinalon, Mexive.  He noticed that the insects did not altack
epplant and beeame convineed that they were not the sauee as the
epgplant lenf miner. Nevertheless it was tentatively deterntined as
the eggplant leaf miner (now Keiferin glochinelle {Zeller}). Sinee
the tomato pinworm was first discovered in the Iperial Valley, it
has geadually spread to the north until it has beconie well established
in southern and central Qalifornia as n sevious pest of field-grown
tomatoes,

The pinwerm s been recorded by Elmore (6), Michelbacker anud
IGssigr (72), the Insect Pest Survey (20) amd nthers, from Cadilornia,
Arizona, New Mexivo, Missouri, Florida, Mis<issippi, Virginia, Dela-
wire, itid Pennsylvania,

Outside the continental United States, secording to the literatre,
the pinworm oceurs in Fawaii, Haiti, Mexivo, sl Peru, and Larvae
hu\‘t)- Been intercepted in tomatoes frony the Balumas, and from Culs
(1),

The pinworm causes some danagre o field-grown Gonatoes i
Arizona, New Mexico, and Florida; whereas in Mississippi, Virginia,
Delaware, Pennsylvania, and Missourd it hias heen reported as o pest
only in greenhowses andd i nearhy fields.

A large proportion of the larvae entering the fomnto Tt do ot
penetrate heyond the core. which ean be removed when the frait is
eanned. Yot infestations have often hecome heavy enough (o make
the entire erop unfit for market.  Moveill (£5) (see also £7) veported
85 percent of the tomatoes infested in b fickd in the Tmperial Valley
of California in 1923, Urbahiny {22) recorded 60 (0 70 percent in-
festation in 1926, Canpbell amd Elmore (). who reported n40-per-
vent loss by tomato growers of San Diego Connty in 14934L veported
further (5} in 1935 that several fields had been abandoned the prev-
ions season because of pinworm damage withont the picking of a
single fruit. In 936 a survey was madde in 5 counties in sonthern
Californin in v %:h 16444 acres of tomatoes were involved.,  The
peveentage of reuits infested in ditferent, felds rangred from 8 to 99,
the average being 34.2 peveent. '

Sl ngmbers i pacesd eses refer to Lieratnee Cited, . 20,
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Serious injury by the pinworm to tomatoes was reported in the
vicinity of Bradenton, Fin., in 1932 by Watson and Thompson {83},
After the close of tie season, all the feuit left on the vines had Deen
attacked.

According to Thamas (79), tomatoes grown in greenhonses were
sertoisly dnmaged in the Kennett, Square, Pa., and Wilmington, Del.,
districts, where the degree of INJUrY Wits as great as 87 pereent in some
i i

Repacking and sorting of the infested tomatoes natterially increas-
edl the cost of production.  In southern California it was necessary to
place an inspector at onch tomato catery to inspeet each ot of
tonmtoes from the field.  Pinworm injury was the chief enuse of can-
nery rejections in southern California in 1936,

Since 1936 in Californin there has been a gradual decrense in to-
tirto pinworty abundance, until at present it s largely a [nte-season
pest.  This gradual lessening of heavy losses caused by the pinworm
has been of great help to the main market and annery tomaty crops,
but the late cannery picking and Inte shipping tomatoes are sitl sub-
ject to heavy losses.  Losses are most severe in areas of ahinost cim-
tinuous tomate culture, or where outdoos seetlbeds are sown before
the residue from the previous crop has been destroyed.

HOST PLANTS

Tomato and potato are the preferred Tost plants of the tomato pin-
wornt, - Althongh serions damage to potatoees is not comnton, this
nseet has beer taken on potato folinge in widely separated areas.

Morvill (27} reported in 1995 that potato was an oveasional host of
this species in Mexien, and Camphell and Blmore (5) recorded it on
potato in Virginia,  In 1936 the folinge of a potata field af Riverside
amt one al Long Beach, Calif.. was strikingly infested by the
pinwaorm,

In the daboratory, pinwonn lirvae o readily and  developed
novmally on egaplant {Solupnm melongene 1) and oo the tolinge of
a native nightshade (S, umbelliferian (Escli}y,  Larvae of the pin-
worm placed on the leaves of pepper {Cupsicum sp.y and on blacl:
nightshade (Solanwm nigrim. L.} not only were ynable 1o catnplete
developiient but most of them abso loft the phints soon and crawled
several feet to lomato plants.  The pinwortn las not been foumd on
Soowmbelliferum or S, wigrum. in the field, although these are com-
monly growing abont tonmto plantitgs in California.  Thomas {/9)
reports that cggplant and horsenettle (N cavolinense 1.} ave com-
mon hast plants in Pennsylvania.

NATURE OF INJURY

The tomate pinworm attacks the feaves of tumato as woll ax the
frait.  The small birviie mine the leaves, feeding ouly on the burer
part wid leaving the upper and lower surfaces intact. Later, pro-
tective leaf folds are formed from wiiels the Livvae coutimie o feed
on the fmner parts of the leaf.  This tepe of feeding catizes large
blotehes adjacent to such leaf Fold {figr. 1},
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Alines nunle by
I typical appearanes of loaf mine after the kevae
Jenf fold muade by o Larvn, showing typiest] drins-
fnjury o eaves inoain midvaneel

otk 1—Tommte luves mitel by the lonsto pinworm: .1,

the very youg Birvae, X5
are n few doys old, X 51 10,
parenl Jeaf bloteh o mine, MG D, pinworm
stage of development, X 2,
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A large number of leaves may be thus destroyed, but the injury
to the plant from this source is not so important ns is the damage
by the Inrvae to the fruit (fig, 2).

Larvae that have mined the ealyx lobes, and many of those from the
leaf mines nearby, enter the fruit instead of folding the leaves,
Usually the larvae enter the fruit beneath the ealyx lobes or fruit
stems (g, 2, A and £), bat in heavily infested fields abaut 50 percent
af the injured froit may be damaged in other places as well (lig, 2, 0).

Fiure Z—Injury 1o froie aased by e tomaio pinworm s L, Typicid agmesr-
auce of pinworm injney eneath the stom of the Ereit, about bl size: I3 Lo,
in the stem end of 1w Frer ax it is often found fustafter the stom is removiasd,
witnral size s ¢, appearance of tomnie injured in other places as well as al {he
slem el abont half size; £ typiea! mining benerth 1l suefaee of Hie Dt
whiclh inereseses frait injory, nataral size.

The damaged aveas caused by shiallow feeding just heneath the skin
of (he fruit {fi. 2. 22) have the appearanee of Motehes, Larvae (hat
eiter the fraitieneath the stem peneteate ton depth rmnging feom one
Lwenty-lifth 10 threo-fonrths of an incl.  Many of the laevae i the
frnit beneath the stem feed only in the core, whicl ean be rempved at
[he ennnery,

SYNONYMY

The tomate pinwor, which was at first mistaken for the eggplant
leal winer (Phthorimaea glochivelle, (Zoll)) (8, 18). wax later de-
seribed as w new species by Busek (7). who ealled it 2*hthorimuca
Iypeoprrsicefla, Busele (02) Inter oxtended the wenus (narimoschema to
elude 244 horimaea Meyrick, over which it took prevedence,  En 1959
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Busck {3) erected o new genus with Guorimeschema Iycopersicella
{Busck) ns the genotype and named tt Keiferin in hwnor of M. H,
Keifer ot the Califurnia State Bureau of Entomology and Dlant
Quarantine.

A species of moth, Keiferia vlmorel (Ketfer), which occurs on nntive
nightshade and is closely related to the tomato pinworm, was at first
identified as the tomato pinworm.  Later, while preparing figures and
the description of Keiferia fycopersicella, Ketfer {10} noticed that
the moths before hum cotld really he separated into two distinet types.
This led to the deseription by Keifer of the native nightshade moth
us a4 new species, This clarified the distribution of the tomate pin-
wornm beenuse Keiferia elmoret ocenrs on Soleasem. auntii and S, wome-
Belliferum in California as far north as Napa County, whereas the
tumalo pinwertm oceurs ondy on enltivated plants aud s nore vestrieted
in distribution,

DESCRIPTION OF STAGES

The ndult pinworm (fig. 3, 2} 15 a small gray moth abent a quarter
of an inch long: Busek’s description of the tomato pinwornt ix sy
follows (I} : _

Alnr oxpanse: 612 nnn Labind palpl with short arrowed sl o ander-
shile of second Joinf, terminal joing semewhat thickened with seales, eonmguess.
od with oxtrene tipe profded, slighitly projecting above the seated quet ) ocliveomits
witite, externnlly petfled wiih dork fuseous: tenmdnagl oot swith oo Sainn §fil-
ettaed foscous gnnubiation before the tip aml with extvieae apex fuseend, FPaee
aned tongne icltreons white, Head nnd thornx wotiled with foascaus. Anitennae
yellowlsh Muscens with parvow, dirk fuseows annubitions,  Forewings elomote
ovate, apex bluntly pointed, teemen obligne ; veanlion fypicat of the graas, 12
veigts, 245 weparite, eqiiiddstnnt, 7 amt § stdkal o costa ;) pround ecolor achireons
aray, Beavily overbdd amd metted with doark Mzeous sealibio sond with §1-e-
firw] atrwd Bnedlstferedl, Drvokest bmgliadiog],  ocbremis sieeakes ;) dizend siignek
hediy lndiented; plicul spet on mbbbe of fold Duint aped Bl-defined, Blaekish ]
citin celivvates geay, Vimbavings with apoex podnted, pesdueed ) termen deeply
stiuteel 1 8 velns, 3 nod 3 contte, 5 approximate, 8l 7 oparatiel: Hght aehive-
i Fiveens ) o strong penct) of bairecides, dibafed ot fin frora Dase of costa in
T ntntes, veacling to boyoiud nriddle of wing, yellowishi, Abdonsa darly faseony
theve with two basal Joints slighfly fighter, vehireons, untepside ght oclireons,
spriskicd with Fruseos, Intter side of legs Tight ochreous, mfer side heavily
el with darvk {nscous,

Keifer {(2) has also given the species an excellent deseripiion in
which he compares the tomato pinworin with other species of Keiferia
from California.

The ege of the {fomato pinworm ix eflipsoid, 037 by 023 wm. It is
tight yelfow when first deposited but gradually darkens to a hghi
orange before hatehing time. As the shade of {he ey darkens, the
developing ecmbryo likewise assumes a davker color, nntil just before
hatehing the dark head capsule and other features of the small Tarva
are visible through the chorion.

Newly hatehed Iarvae average 0.85 wm. o lenath with an average
hessel-capsttle width of 055 mnn The heoad eapsule s dark brown ad
the remaimder of the bhody o veHowish geay common to mmany pewly
Tatelesd lepidopterous larvae,

There nre four inslavs.  The Tead capsules of 18 fiest instars neas-
wred G0 o 0157 ., with aomean of UI5 n g i Che secoml instar
133 heaned capsudes messured 023 (o 0.28 mm, with o miean of 825 oo
tn the thied fstar 16 wemsared 0207 to 039 mu, with o omenu of 02375
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mon and in the fourth instar 15 head capsules measured 0.525 to
0.61 mn., with a mean of 0.56 mm.

The mature lnrva is 5.8 to 7.9 mn. in length and aversges 645 mn.
Lt is ultrn ash geay with dark-purple spots (fig. 3, £).

The pupa is apple green when fiest formed, later turning o u brown
typical of lepidopterous pupae commonly found in the soil (fig. 3. ¢).
Reifer {2) has deseribed the larva and pupa of this species in detail.

¢

Fuwvee 3—8luges of the bnato pinworm A, Adualt, X Gy B, leevae, X 9 €,
mapa, X8 A, pupat cell furnmed of soll particlos, X §,

SEASONAL HISTORY

In California. developiient of all stages may continue, but at a
retarded rate. during winters when tomato vines survive, Chdi-
narily, however, the tomato pinworm speids the winter in the pupat
stage at or near the surface of the soil, During Mareh and April the
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moths emerge to mate and lay eges on the lenves of the voung planis.
Linrvae hatehing from the eggs mine £ leaves during about half
their larval existence, or during the fivst two instars. At the begin-
“ning of the third mstae the Inrvae, having become ton large (o con-
tinue as tene deaf miners, enwerge from theiv amines aod form leafl
folds.  Infestations nre usnulbly light on voung plants early in the
senson, bat as the season advances a gradual Imild-up is apparent,
As the fruits set u fow Inrvae enter them instead of Folding the leaves,
The number of Inrvae entering the Puits increnses as he pinwori
popalation multiplies, until a lavge propertion of the fruits nay be-
cimne infested. In enses of heavy infestations leal injury may adso
Lecome eanspicuous.

When the lnrvae heeame mature in leaf folds o on the fruit they
lower themselves by silken threads (o the ground, where they form
loosely waven pupal colls intermingled with purticles of soil {lig 8, ),
Moths emerge From these pupnl cells iter 1o mate, Iny egs, and repeat
the evele.. During fall and winter, as temperatures deerease, pinwaorin
development is greatly retarled, or it may cense altogether excopt for
the survival of pupae in the soil s maths in protected places,

The rapicd developuent of the pinworm in summer together with
the compuratively Tong oviposition periad soon obsewrves any inlicn-
tion of definite broods by the ficll. Seven to cight venerations have
been veared durtng n year, of which fotwr or five occurred daring the
suniner menths.

The transportation of infested frait i the most conmon means of
Trannte pinworm dissamination,  Other important weans inclnde the
flight of moths within and between tomato ficlds amd the transporta-
Fiem of infested seeditmg plants and picking and paeking Toxes from
pinworm-infested lovadities. ] _

The sourees of infestation cach year in an avea where the pinworm
his bevome established are worthy of tote beesnse of 1heir bearing on
control. Ields in which tomatoes have been grown are often left
undisturbed after the Inst picking, and many of the plants may con-
Fintte in various conditions of prowth. Pinwornn developiwent con-
tinnes in such fields 00 the fenmemtnre permits the survival oand
grawth of tomato plant=. Larvae nthe leaf-niinig and leat-folding
stages ovenr in borge numbers on overwintering plants douringe milid
winters in sonthern California, and are the enuse of serjous damage
in gew fields the following spring, T low temperatures i the winder
i the plants, pinworms which are pupating i the soil are often
able fo span the remaining perisd ad emerine durings the early
wrowth stages of the new tomato crop. The sect ay also survive
i =eadbeds or in propagating honses andd oy infest the new erop,

Tomato plants are often ent or pulled after harvest, and piled ndong
the edie of the fichd towale way for a second vrop. Plirworns maoths
flyinge from these plant piles eouse gervious infestations of fate-fall
ar early-spring tomato crops,

THE ADULT 8TAGIE
MaTEIALS  AND METhons vor Srtuoy

Studies were carricd on under ontdoor inseetary conditiouns by
ohserving idividuals placed on sl tomato plants geowing in t-ineh

SREGHS K 2
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pots.  Small cellidoid and lantern-globe cugres were uged to vover the
planis.  Oviposition records were obtained by confining pairs of moths
I small celluloid cages over tomato twigs areanged 10 sl wine
ghisses.  In all cnses the food materind for the moths refers to u 10-
pereent honey solution.  Unfed moths were given onty water.  Some
general observations and specinl studies were made in the lickl as ndi-
cated.  All temperature recovds vefer to nir temperatures as obtained
in a standard weather-instrument shelter.,

Avcrr Benavion

After emergence from the pupnl eell, the hahits of the pinworm
moth ave similar to those of a nenr relative, the potato tuber moth
(Grorimoschema opevewlella (Zell)) as wiven by Graf (7). The wan-
ner of rapid erratic flight when disturbed and that of hiding dnring
the day appear to be babits comnnon to both species. e coloration
of the pioworm meth §its it well for its existence in the fickt,  The
presence of hundreds of moths per plant ny not. be snsperted g
the day until some disturbance causes them o fly up in a rapid. littl
matner, only to alight and hide again a few foet away. The moths,
which are nocturnal, begin Bight and oviposition at twilight suel con-
tinne to pviposit through the night if the temperature is sl 609 1,
or above,  Aetivity is nceelerated by an ineresse in temperature.

The proportion of sexes during the year appears to be shant con-
stant. 54.8 pevcent fenules and 45.2 peveent mades.  In comection with
life-history studies, the sex of 347 moths was determined.  The naiwer
of females excoeded that of males only slightly wt al seasons exeep
thring the winter months, when there were 38 nales and 24 Feanmales
i sample of 57 moths, Mating ocenrs within 24 to 48 hours g fter
CHICrgenee,

Finworm moths ave attracted 1o lights. They have been olgerved in
manbers avound Hghts in mreenhowses and at ool e (FFL{ T PTRIT]
Tave been culloctod casily at trap lights in the feld.

Loxcevrrey o e Morns

The Tongevity of the pinworm adults has been determined by ol
serving the time of omergence and death of u lavge mmher of woths at.
lemperntures ranging frome 50° to 80° ¥, Moths lived an average of
T days at mean temperatures of 76° to 80° when gven only water, hat,
fo an average of 8.4 days when fed o 10-peveent honey sohetion, AL
temperatures of 50° to 55° the respective Tongevitios wore 2005 nnd 298
days,

Ovirosertox

The moths, when confined to small cages under lnharatary conditions,
deposit eges indiseriminately on all parts of the plants and on the
cages.  The egas are so small and incouspicnous that. very few hbove
heen observed in the open field.  The few eges that have been Fowl,
five or six in all, were on the tomatoe leaves.

Ovipusitini in the field was studied by liberating 50 woths in each
of 4 cages b4 by 14 by 19 inches sof over sumll toruito phlaatts that were
bearing fruit. The eages were set up on 4 dilforent dates during

e AT AN A e )
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August nnd September 1835, The plants were tuken up after 3 or 4
dnys of exposare Lo the moths and examined bit by bit ander n low-
power bincenlar microscope. Ninety-cight cggs were found, 45 per-
cont of which were on the upper surface of the leaves and 53 percent on
{he lower surface. The other 2 percent were on the leaf petioles.
Keventy-nine percent of the egus were found on the upper 12 inehes
of the plants and 42 percent on the upper 6 inches, It appears, thore-
fore, thit under normal conditions most of the eggs are laid on the
wpper lenves of the plants.

The etfect of temperatire and foold on oviposition was noted by ob-
cerving egg depesition of fed and wefed growps of moths during the
summer months and of a fed group during the winter (table 1), Dur-
ing the summer 4 unfed maoths laid thelr egers sover after cmergence
thin 12 fod moths but Inid only 45 percent s nemy.  Unfed moths laid
pwice 0% iy eggs ench the first night as the feid moths, hut the fod
moths continued lrying for 16 duys, whereas the wifed moths laid eggy
(o ondy 8 days,  Lower mean temperatures—of 50.6° I from Octobor
5 to Dcomlier 27 compared with a mean of about 89° F. during the
summer—merely retarded the rate and prolonged the period of ovi-
position.  In alb cases the peak of ovipesition was renched on or
before e secondd night after emergence.  In geneenl, during the
summer, the moth beging egge laying the first or second night after
emergenve and kays most of her gggs in a few days.
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THE DEVELOPMENTAL PERIOD
The duration of the developmental period of the pinworm was
studied wnder different tenipeeaiure conditions by rearing individuals

ceparately in outdoor insectary eages.  The oliservations were hegnn
on Apreil 25, 135, ok 25 to 50 newly laid eggs were selected every 10
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days, until April 16, 1936, exeept during the cooler manths, when the
infervals were longthoned to ns mueh as 30 days.

As the eggs huitelied the laevae were isolated for individuul recorls
on sl tomate plants growing in G6-inch Bowerpots and covered
with sall engres.  In all 398 individuals were observed in Ehis naner.

As shown in table 2, only 26.4 days were vequired for development
at, temperatures avernging from T6° 10 80° I, whevens W07 duys were
required at temperatures nvernging from 59° to 55°,

Papre B, fhprnabion of roriaas stages i e devetopmental perinl of the bemato
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The inenbation period required ap avernge of § to 6 days inder
summer condiions.  Winter temperatures greafly defayed balehinge,
Additional records (tahle 3) show that eges will develop and lateh
i i of £ days e that noder winter conditions maximun
of 30 days may be required. B developed at average tempeeatuies
s low as 509 and as high as 800 15
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Inseetary conditions alford an opportunity to make tore aceutate
observations of detatled life bistory than ae possible wder fickd
cuuclitions, but the duration of @1l stages may vot be quite the same
in the two enviropments,  Since the tomadoe pinworm pupates at or
near the surface of the soil. the duration of the period i the soil s
likely to be greatly aflfected by variations in e temperature. Aun
experiment was therefore designed to determine the duration of the

Ce MRt L ae
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quiescent period in the soil for three winter seasons,  This was done
hy teapping pinworm larvae as they left infested frait to pupote and
mtroducing specified numbers of them into cagres set on the =oil.
Maoths were collected us they emerged.  The duration of the prepapal
andd pupal stages was longer under these conditions than under lnbora-
tory conditions.  This was particuboly trae where the minbmim tem-
perature was below 32° I00 Detailed data are given in table 4,

Tame - fduriebivg of the period befueen the fntembicelion of malaree laivvage of
the anaty ginorar imto gutdoor ciges sl e cwmevgenee of gdulis as refated
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LARVAL HARBUTS
Lrar Minine

On hatehing from the egg. the wimite v moves about for a
few minttes before beginning to mine in a leaf. 1t then forms a
tent of silk nud under this it enters the lead to form either an upper-
surface or @ {pwer-surface mine.  Many mines ave of the serpentine
type, whereas others ave almost steaight (B 02 and BY. Ax the
Invva develeprs, the tunnel s enlarged to fnll thickuess of the lea £ and
ix witlened to the bloteh type of mine {fig, 1 ). The rewmoval of
the nwsophyl causes the eptderiiy on both apper and lower surfitces
fo appear transparent.  Afler enfering the kaf. the larva ejects its
Trass into the welr a2t the emteance. whiel forms o smiadb dark muss
(lig.1. 7). Newly formed mines nre characterized by this dark spot.
The tent. together with o siall section of the mine at itx heginning,
w used as u retreat doeing the leaf-mining period. Typieal nining
alsn oceurs cammaonly in the ealvx lobes amd oecnsionadly on the sur-
fuce of the fruit,
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LLeaF FowbIinc

The tomato pinworm, like other members of the tamily Gelechiidae,
is not, highly specinlized for the leafnining type of Yite.  Needbaw,
Frost, and Tothill (16) refer to leaf-mining members of this family as
hordertine forms, leaf-mining being mixed with other habits.”
After spending . two instars or ubout half of its larval life as a leaf
rniner, the pinworm larva emerges from the mine to form & protective
leaf fold {fig. 1, € .and D), usually in another part of the sune feat
unless it has been largely consumed.  This is accomplished by spinning
1 sillen web neross the surface, which gradually draws it into a fold.
Of n group of 142 larvae observed individually on the teaves of potted
plants, 61 percent folded the lenf that had been mined, 28 percent left
the original leaf and folded another, 5 percent drew 2 leaves together,
and 3 percent bored into the pinnt stem,

The manner of feeding is not materiaily changed during the leaf-
folding period. Larvae continue to feed on the mesophyll of the
lenf but form large blotch mines which often cover the lavger pact
of the leaf.  The Touf fold forms n retreat, or shelter, from which the
larvn erawls to feed between the more or less transparent upper andl
lower suvfaces of the lenf. In the greenhouse 78 percent and in the
field 89 percent of the larvae observed folded over the upper surface
of the leaf.

Observations were made of each of 116 larvae during their leaf-
mining and leaf-tolding periods. They injured a total of 305 leaflets,
or an average of 26, Kach of 3 larvae injured 6 leaflets.

LARVAL ATTACK oN THE Frulv

The calyx lobes of tomatoes ave connnonly mised in the same man-
ner ns are the leaves. Larvae that have mined the calyx lobws, and
comie of those from leaves near the fruit, bore inte the Troir at the
time leaf folding would ordinarily oceur, The exact origin af sill
larvae that enter the froit 1§ not known, but the examinatinn of
number of infested tomatoes in the fiekd throws some liehe on the
question.  Tn 13 of 20 tomatoes from g heavily infested ficld, from 1
to 6 of the calys lobes of cach one had been mined. There were 3
total of 33 mined calyx fobes out of a possible 120, and 47 Jurvae had
entered the 20 tomatoes. Of these larvae 20 were third instars and
97 were cither fourth instars or had left the fruit (o pupate,  Seven
ot of 20 of the infested fruit examined had no evidence of mining
in the calyx lobes. Larvac usually enter the fruit heneath the calyx
or the stem, yet these examinations showed that there were 26 en-
tyance holes in other places us well.

These data lead to the following conclusions: (1) That larvae
enter the fruit at the beginning of the third stadivnn (2) that s arge
pereentuge of the larvae that attack the fruit go divectly iuto the
$ruit, from their mines in the calyx lobes. and (3} that a =ubstantial
number of the larvae that attack the frait come from leaves near the
fruit. :

PUPATION

Pupation oceurs at or near the airfuce of the soil. A few excep-
tions to this have been recorded. but these have bren vae, Swezoy
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(47) reported pupation in tomato leaves in Hawait, and the authors
have oceasionally observed pinworm pupae in leaf folds, in the fruit,
and on the sides of breeding cages.  Thomas (18) reports stmilar ob-
servations waler greenhouse conditions in Pennsylvanta.

The netual depth of pupation has been investigated by sifting the
soil beneath several plants in the fiekd and by setting up expernuents
comparable to field conditions, In the ficldd, all of 627 pupae recov-
eredd were within 1% inches of the surface, 98 percent within 1 inch,
and 89 percent within %4 inch. In previously sifted soil beneath bus-
kets of infested tomatoes, 215 pupae were recovered,  All these were
within 14 inch of the surface and 69 percent were on the surface.

Tn other experiments prepupal larvae and pupae were Duvied at
different depths in soil in G6-inch flowerpots to determine if the in-
wet conld survive the pupal stage if buried. The percentages of
novtal moths emerging in these tests were 66, 4, 2, 0, and O from
the soil snrface and from depths of 134, 2, 214, and 3 inc¢hes.
respectively.

Two badly injured moths emerged from pupae buried at 214 inches.
Sinee pinworm moths were not ahle to emerge normadly when larvae
were buvied 2 or more inches in the soil, it is probable that turning
amiler the surface soil to greater depths by plowing would be an
effective measure of control.

NATURAL ENEMIES

Parasitization of the towato pimworm in leaf folds and in the froit
s common,  Swezey (/7)) reported 3t pereent larval parasitization by
Angitic. blackbwens Caom. in Hawnii, . Thomas (19} lists :h. ferra-

gineipes (Asha), Wierobraeon. juwicols (Ashnn), anl cdpanteles
rpinotioe Vier, as parasites of the pinwonn in Pennsylvania.  Qut of

k]

242 prepupal barvae placed in pupation racks at Allhambiea, Calif.. dur-
g Noverber and Decetiber, 1935, 16 pereent were parasitizsd - The
following parasites were determined from those energing: ol pande-
tos seutollueis Mues., Sympiesis stigiatipennis. Gielt™ (felowns
phthorinacae Galen, G popler plithorimacae (Cushi). and o new
spectes of cLngitia®

Other spectes of parasites reared  from tomato pinworn larvae
collocted from various loealities in Californin ave Hormins pallidipes
Ashn, dngitia fervugineipes  (Ashm.)° Patrastichus spt and
Apantelos dignus Mues. The last was dleseribed from material rearved
from tomato phswortn laevae from Santa Aoa, Calif, in 198G (13).
Irrom collections of tomato leaf folds placed n emergence cages in
the laboratory the following parasites emerged : Zatropis sp.. Catolas-
it qeneovividis (Giv), ad Clogrocharis spt

A examination of teaf folds in two fields in Orange County, Calif.,
in October 1936 revealted that 41 pereent of the leaf folders avere para-
sitized.  Parasitization of larvae in the fruit was observed conmonly
in these fields.  Parasites have undoubtediy been an important factor
in the gradual decrease in pinworm abundanee since abont (G, the
period of maximum abundanee, until 1941, when a low pairit in degree
of pinworm injury was reached.

inel by 1% IL Timberluke.
ead by WL AL Cishinnng,

il by 7, W Muereheck.
* Prelerhiboemt by AL I8 Ginban,
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UNDESIRABLE CULTURAL PRACTICES

The wost important cultural peactice contribiting to pinworm
development and survival is the prevadent wanner of handling tomate
plunts after the marketable fruit has been removed {(6). These plants,
which are usunlly heavily infested by pinworm farevace in all stages of
development, still carry a barge nnmber of infested fruits. To hasten
the preparation of the soil for a new crop. in areas where tmore than
e erap pet season is possible, these plants may he cut amld piled along
the edee of the field or on adjoining unused buul,  Poiworm lirvie as
they wabwre lenve the piled-up plants to papate w the soil and trash
swerrounding and beneath them.  Many mwmatare larvae which are
forced to lenve the folinge as it dries arve able to complete developiment
in the fruit left on the plants, whicl often tenaing somnd for several
weeks.  Tnan effort to determiitie just what etfeet these old plants have
on pinworm saevival, some of these plants were covered with large
vages to trap the moths that cwergad. By frequent exaunination of
the eages it waus found that noths continged to emierge from the old
plants for £ moenths after thetr removal from the field in November
1934, ‘These maths oviposited readily when taken to the laborntory,

Old plants were also brought to AlThambea ac intervals during the
period when plants were psuadly taken frons the field and placed,
five to a engelin a number of screen enges. A record of moth enier-
zenee from the plutts in the cages was kept,  As shows in table 4, the
wriod from the date the plauts were taken frone the tield until the
fust mioth emerged vanged froms 78 to 136 days,

Tamis Do cEmergenee of bostado ginacorse s froom cages when 3 lowcily in-
festod plaidx eweeying o st sneaund of fraft eft an the plonls aftee huaerest
treve placed fn eweh enpergeiee eage ot Wiaachea, alif, 1 g-1035
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A practice even wore Tavirablie 10 pinworm saemvivab s that of feay-
ing the old vines wmolested after the sarketable ceop has beea picked.
The plants i such fields often remain in varions cond{tione of geowtl
throughout the winter or for long periods during the active growing
senson,  As long as green folinge or fresh Mraif retadn in saeh Gelds
the pinworm is able to continue developument. Moths have Treguently
been obzerved emerging from the soil in such flelds for several woeeks
afier new erops lad been set out in adjoining ficlds--in one case at
the rate of 5 per plant to go to a fomado tiefd witieh foal been sof ang
13 days previous.
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Other practices favorable to pinwornt snevival snd dissemination
are the eareless disposal of infested culled froait and the use of fested
secdling plants,

LABORATORY INSECTICIDE TESTS

A laboratory method of testing the relative elfectiveness of various
insecticides preliminary to their use in the field vonsisted of the uni-
form treatwent of potted tomate plants carcying {3 pinworm farvae
per plant,  ‘The Iarvae when 3 or 4 days olil were transferred to potted
ants, Maore than 10 were placed on each plant and then an attenygn
was made to remove all of then except 10 before treatinent.  Tnsee-
tieides were applied untformly by osing o smadl dust blower from
which 0.2 gram of dust was delivered ench thue by Blowing it all out.
Thix duster (fig, 4) consisted of 2 tube from o somil dust blower

§
LS
54
‘g
¢

Py bRl duster Prom which o woelghel quandity of dast i< blewn,  FPle
shugl was contbed tooa dedbndte avea arvamal the plant by o !l glees eytinder
suppleneniod hy & postebonrd exiinder,
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atinched to n cork which fitted o burette cap.  The dust was confined

to n definite aren areund the plant by an 1144 iuch eyhinder. The 3

plant was supported on a retating phonograph turntable during 3
trentitent.  The uniformity of treatnent wits fested frequently by
exposing weighed ginss slides at plant height which were veweished -
to determine the dust deposit. On 4 shides thus exposed, the deposit,
of dust ranged from 108 to 150 RHCLOZIAINS DoT squaro ventimeter, 4

The plants were treated just before the lurvie were due to leave .
their mines to form leaf folds, About 10 days Iater, or when the
lavvae left the plants to pupale, they were trapped and connted.
This was done by arranging over ench plant & No, ¢ fantern globe
supported by a sniall plywood phitform covered with paper which
was sealed around the piant with gunnned paper and cotton {tige. &),

stz S.—Metlunl wf tenpdg the tonsits pinwors Jirvae beseviig the pdunts
tmgwite. The e waye comdelely  seled avgnmd the plamt by o strip of
Rumamen! puper fow,

The nsecticides tested were derris rout cotttaining 2.0 percont of
rotenone and 118§ percent of ether extrictives: conditioned cruprous
evianide contnining 84 percont of cuprous ovanide; unconditioned
cuprous cyanide containing 084 pereent of cuprous eyanide; pheno-
thiazine practically pure: natural ervolife containing 90 percent of
sodinm fhuonluminate; imported sviithetic eryolite containing 93 per-
cent of sodinm Huealmninate : bead wrsenato : stffue niteide, o lnbors-
tory-prepared sample; calcium arsenate. an uneltfuted commereinl
materials copper cyrRmmtde, & commercinl umterinl contuining 344
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percent of copper cyanamide diluted with gypsun; pyrethyvme. an
axtract-impregnated dust contnining 0.8¢ percent of pyrethrin T and
049 percent of pyrethrin 11; and devil’s shoestring containing 1.7
percent of rotenone and 7.5 percent of carbon tetrachloride extrae-
tives. Al dilution percentages later ntentioned refer 1o the amount
of active chemical unless noted otherwise.

The survival of pinwurm larvae on 17 groups of 3 untrented plants
ench used as checks during these tests ranged from 43 fu 53, with
mean of 7.5, the standard of error of which was 0.6, The expected
number of survivors was 50 lavvae per group of 5 plants, hut owing
to failure in reducing the nimber to 10 in some cases an extr one
aeetrred oeeasionally.  Larval curvival was therefore sufficiently wni-
form to serve as a basis for insecticide tests.

Pable § shows a summary of the tests when the plants were treated
by the method described.” One striking feature of these rvesults is
the low offectiveness of lead arsenate and caleium avsenate compared
with that of eryolite.

Pantk Ge—Reduction in pumber of lanlo piniori Itrvae al the fime they teft
the eaged plonts to pupaice, after each plint, crrrying a populaltion af i lnrene,
b bees frealod with 0.2 gran of inxcclivide. Ahwmbea, Cuabif.  General
inxeetivide fests, 1036
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FIELD INSECTICIDE TESTS
Mareriats ano METIHODS

Field insecticide tests were begun in 1936 aund continned through
1941, Improvements in experimental design and in methods of
evaluating the results of contral were adapted from yeuar to year,
The insecticides included contact and stomacl poisons in both spray
and dust forms. 3

‘The following contact insectivides were wseds A medinm summer &

oil (64 seconds Suybolt viscosity at 100° F.)_ an oil emuision {63 xee-

onds Suyholt viscosity at 100° T.). commercial nicotine sulfate con-
turning 40 percent of micotine, & commercial pyrethrm preparation
contatning 2 percent of pyrethrins in the form of a solution in oil

coated upon w dust material, pyrvethenm extract containing 2 ce. of =
pyrethrins (o 100 cc.. a thiveyanate (BB butoxy thioeyanodiethyl &

ethrer), and 350-mesh sui fur,

The following stomacl poisons were tested: Natural ervolite con-
tainmg 90 percent of sodinm flnoatuminate; imported aynthetic eryn-
lite contmiming 83 percent of sodium fluoaluminute s domestic svithetic
cryelite contaiing 83 percent of sodium Buoaluminate; uncomditioned
cuprots cyanide containing 984 percent of cuprous eyanide; condi-
tioned enprous eyanide with a defloceulating agent “added during
mannfacture, containing 84 pervent of coprens eyanido; copper ey-
anamide, o crude material containing 913 percent of copper mud 65,3
pereent of evpsam: ealeium arenate, a conmon contnereial brand :
phenothiazine. practienlly chemically pure: powdered cube or dersis
root contuining approximately 5.0 pereent of rotenone and 26.4 prer-
cent of total extractives; and cube o dereis extract containing 2
pereent of rotenone, A ped enprons oxide containing 96,5 percent
of Cu,O was weedd as a fungicide, in combination with eryvolite where
mdicated.

Maost of the dust mixtures contained a single dilient, 400-nwesh taie,
In specilic cases other dilients were used with fale.  These diluents
conzisted of o Tight, finely ground distomarceons eartl, walinit-shell
fionr, sl redwoond-bark floar,

Spraying was necessary in testing certain Hguid insecticitdos. Some
dust materials were just as effective when uswd in a liquid medinn,
but dusting was found to be more cconomical than sprayime,

The chists were applied to plots abont one-tentlt acre i size i
1036, 10487, aned 1938, one-twentioth acre in 1940, and one-fortioth aere
n EHL Rotary hand dustors (fig. 6) were nsed. Tneach eXPeriniend
condducted i the fiest 3 years 4 or 5 replicates wore made in each field
whereas in BHO and B41 front 10t 12 were nsed,  Tn all experinients
the dust treatmients were assigned to the plots by the ramndomized-
block method.  The plants were thurotighly covered t each applica-
tion, although this required dusting from both sides of cxeh when the
plants bevine large.

"The sprays were nsually applied af o prrossure of 350 pounds (o long,
mrreew plots <Ix or more rowg wide hy means of a three-row horve-
drawn power spraver (fig. 73 cquipped with fuue nozzles (o each Ferw,
Txeept in the Tevine fiekd B, only one or two replicides were made of
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Frstike Ge-sTHixtitg tonnioes wilh st rotiory hal duster Fot tontlo pinwarm
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the foenote pisworm,  The plants shown Tere iBustee the pr
tyeatiaent,
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the treatments applied by the power sprayer. In one field four

replicates were nuwde with hand sprayers on one-tenth-acre plots.
The first genersl plan of tomato pinworm conteol was to nmke
three or four applientions of insecticides during the fruit-setting

period at about 4-day intervals. This usually placed the Iast apph- %
cation 1 to 2 weeks hefore the fivst picking. Varintions from this

schedule, were an extra application on the young plants hefore the

fruit began to set, or one appliextion after the first picking. In some
cases applications were made at 10-day intervals.

Before 1940 all or part of the fruit from the central area of each
plot was examined, and the percentage of fruit injured by the tommto
rinworm was tabulated without regard to other tnjuries which might
wee made the fruit unfit for market. During 140 and 1941 fenr
aml five plants, respectively. were stuked near the center of each plot,
and all the fruit as it ripened was picked from thenmt and examined
ns a basis for results of contral.  The results were then expressed, as
before, in percentages of fruits injured. and finally in percentage re-
duction of injury in treated plots as compared with untreated plots.
Whenever percent control is mentioned it vefers to this relationship.
Any further details concerning methods ov materials are discussed
prior to giving the resnlts of control for each year.

ToxpERDIENTS OF 1930

Tn 1936 dervis-tale dust containing 0.75 percent of rotenone, con-
ditioned cuprons cyanide-tale dust eontaining 20 percent cuprous
eyanide, natural cryolite-tale dust containing 50 percent sodinm
fluonluminate, and phenothiazine-tale dust contsining 20 prreent
phenoibiazine were applied three times, 12 dayx aparty to a very
heavily infested tomato fielkl.  Thirty-six percent of the suall green
fruit as well as most of the Jeaves were infested before {reatnient be-
g, On four replientes treated with each material the aversge de-
aree of fruit injury ranged from 42 ta 57 percent after insecticide
treatment. Some degree of control was indieated i the cevolite and
cuprous cyvanide plots, but the difference was not significant. No
control wis indicated in the derris and phenothinzine plots. In addi-
tion to the fact that tomato pinworm infestations such ag this are
difficult to control, the trealinents did not protect the plants over a
sufficiontly long period. Later experience has ked to the conclusion
that one early insecticide application on the young vines and another
after picking began, in addition {o the three applications miade, would
have been required to control the tomato pinworm under these
conditions.

ToxreridENTS ur 13T ann 1938

Tn 1937 the treatinents were made on 218 field plots. or 33 aeves;
and the next vear 330 plots, totaling 42 scres, were used.  Part of the
results of these insecticidal treatments are presented in table 7. Some
experimentts bave been omitted from the table because of o lacle of
pinworm abundance: others. hecange of inconclusive resnits ov -
sulficient data. Al treatment applications in 1937 and 1038 were
made at 1d-day intervals duving the period from frait setting to 10
to 14 days preceding the first market picking.
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CannE To—Injury fo tomate froite by the tomalo pimeorm in California follosting
verious insecticidal treabments in 1937 and 138
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WanLE T~ Fufury (o lomeda fruite by the foniata pinieorm fn Catifornic follmicing
rarious inweelicidind freatmenls in 08T and AN - =Conlinned
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2 rentit iy M. Wileas fer frujtworm control, ehieked for pinworm corirol.

The resulis of insecticidal trentment during 1937 ik 1938 indieate
Pt cryolite and conditioned enprous cyanide were probably the most
offective materinls nsed against the tonsto pinworn, Phenothinzine
was just as eflective in some cases, Lt wet i abl. Caleium aprsenate
was not so effective ns eryolite or cuprons eyanile. Miterials usel
in both dust and spray form were abont equally effvetive in cither
medinm.  The contact inseeticides, sucl as nicotine sulfide, pyre-
threum, and a thiceyanate, were less effective than the stomach poisons.
Oil ditl not increage the degree of control when used witlt eeyolite.

The degree of emtrol was less than 15 considered ta be adeguate
whon the number of injured froit exeeeded 25 pereent in the un-
treated plots. The low degree of control is partly due to eapid pin-
worm tevelopment which tends to minumize {he effeet o poisins
especinlly after treatment has been terminated.  Thix fact i illus-
teafed by table B which shows the trend of a pinworm infestation
during the picking season when the last inseeticide applieation had
bheen pawele 10 davs before pivking began.  Although the inerease in
fruit injury s not abways xo great as (his, the trend is the same ex-
copb very Tate in_ the season whon cool wenther retards tomato pin-
worm activity. Tnsecticides are not nsually applied near or during
the picking season heeawse of the danger of excessive poisonois
vesidue oo the fruit. In late tomado fields in California, which are
thoge most commonly danmgel by the tomato pinwor, the picling
season usually comwes durine the hottest part of the sunnuner. Sinee
s inseet is favored by hot, ey weather it builds wp 1 [ritckky
numbers at a thne when' inseeticides are not wsually applicd.

ExremvexTs ar HEW

Experinwental lields used in 1939 were so badly damnged by asiorm
that not enough fruit was produced to give dependable resnlts,

e

LR
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pansk B--The dread of feait injury caused by the tomalo pirvecarm tisted by
pickings in treated and nnlveated plots when the sl insecticide applicadion
weax made 10 daya before the fivst pieking, Gardes (rove, Gulif., (432
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Oct. 47 ,. . . : EiN ) Rll]

Avernge, . . . . i (R m.ui

Exregimexs or 1HO

Experiments in 10 consisted of the testing of 3 schedules of ap-
plications of ench of 3 insecticidnl mixtures ns indlicated in table 9.
A total of 20 replicates were nde of each of the insectividal treat-
ments and the check trentment, there being 10 in each of 2 fields.
Field B was 15 days luter than field A but was only one-half mile
zl.\\'llﬁ', and the 2 Licltds were treated as nearly the smme ns was prage-
ticable.

Tanrg B—infury to tondoes by the losato phucerm foticing different sched-
les.of application of differeat inxeeticides, Prcoind, Calif., 14
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These experiments indicate that for the year 1946 a move concen-
trated control effort using applications at 10-day intervals during the 3

fruit-setiing period followed by one application of effective materia] 22

after the first picking was more effective than u luss concentrated 14.
day treatment schedule, also during the fruit-setting period but sup-
vlemented by an application on the young plants before frnit setting

sgun.  Likewise, u trend is indicated in favor of 70 pereent cryolite 35,

over the 50-percent strength,
Exrenrmexts orF 1941

Tomato pinworm infestations were very light throughout the 1941
season. No pinworm injury to market or cumming toinatoes was re- -
ported until late in the season and then only an occasional field was :
reported to be infested. Experimental plots were located in tomato ;

fields in the Pacoima area of Los Angeles County which are usunlly 5%
t4 s Y

henvily daminged by the tomato pinworm.

The plan of experimental control in 1941 was {1) to test an ad- %

hesive diluent in the form of 1}0\?(1&1'&(1 molasses, (QE to test an addi-
tional copper compound in the form of copper st
give schedule 2 of the experiments of 1940 further trial.

In the Pacoima field C three insecticidnl applications were made at
10-day infervals during the fruit-setting peviod followed by one ap-
plication wfter picking began.  In Paconma field D, applications were
mrrde during a similar period except that the fourth application was
omitted  becnuse of rain, Table 10 gives the results of these
treatients,

Tomato pinworm injury in both Pacoima ficlds in 1941 was very
light when treatment began and did not build up enough to eause
noticenble contmercial damage.  Copper sulfate wus not offective in
ficld C, but was slightly offective if compared with the loss in the
untreated plots in field 1. Powdered molusses was of no value as
an adbesive diluent for eryolite or for cuprous cyanide. Three appli-
cations of 50-percent eryolite or of 20-percent euprous eyanide dur-
ing the fruit-setting perind were less effeetive than n similar schedule
with a Tourth application after picking began.

Tawtr W =Lujury by the tomaio pinworm follawing the application of different

insectides, Pucotma, Calif., 1941
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anLe J0--Injury by the tomato pirworm following the application of different
inxccticides, Pavaing, Calif., I41-—Continuei
PACODIMA FIELD D (PIOKING REGAN OCU. 14

Tednleost
IwT REre

Datevol nppiiomtion | Quaatily
of dust
tosecticidal material (pﬁr aenil
nll appll-
ALK. ratinnx}

Fruit - | Cuntrol
fured per| bosed on
plint cliek

aalurad cryodite, tale (58 pereent sadhae Pannds | Doltars b Peecent | Percent
oslermdBAte) . em i cm e @, 14, 30 W oA 0K ™
x5 atatcaloeyolite, toade, 3 pereent powiiersd
sl {50 pereent soadien Biowiimi-
I T PR
Mimohydrsted copper suliate, e {20
ettt of coppee sulinre) (oLl L
C i rons oyanide, inde (0 pereend CHPIUNS
P TS [7) ST PR
CHpTuHS o) ¢, tale, N} perecid paow-
tlored aelsses £20 pereend af cugerinas
CFRERIY il o e e VR < &) Bh
None feheek), | aaiieee e e e e mmee O

. 1, 18, 30 ?:s . Lo m

g, 1, a1 st n
o, 59, % s . t

Diference reruired for siandticanes
wt ks of UKL e

DISCUSSION OF CONTROL STUDIES

Fiold experitnents discussed in the previous section demonstrated
that the tomato pinworm riy be controlled by the application of
ervolite diuted with tale to contain 70 percent of sodisem fluoati-
minnte.  As a precautionary measure this dust mixture should be ap-
plied once to the plants in the seedbed about & week boefore the plants
are pulled. After the plants are ju the field they shoudd be inspected
often to determine whether pinworny leaf-foklers are present. If the
leaves of the young plants are foumd to be infested, an application of
the same materind should be made without delay. Whether these
enrlior trentmonts have heen made or not, the eryolite dust nnxture
should Te applicd when the first fruits an the tomato plants are ap-
proximately 1 inch in dismeter, This application should be followed
with thyee additional npplications at tutervals of approximataly 10
dhitys. These should be thmed so that the last application is made
after the first mavket picking or about the time of the fiest cannery
picking,  Therefore it way be veeessary to delay the st appication,
depending on the time of the fivst market pieking,

On the basis of LU0D tomato planis per aere, which is the prevatling
plasting rate in southern California, the most economical  results
hatve beon obtained by using @ rauge of from 20 {o 25 ponds of cryo-
Hite dust mixture per acre for ench applieation, depending on the wize
of the plants, or ¢ total of approximately 90 pounds for the 4 wppli-
cations.  In any evenf. it. is inportant. that the plants be covered thor-
anghly by the insceticide at each apphication. Approxinntely  the
samte quantity per acre should be used in the seedbed. Oun ymng
phants in the field 10 to 15 poutds per acre ave reguired to cover 1LOB0
plints with a spread of abont 1 foof 1 dimmeter,

Although satisfactary control of the tonatoe pinwort has been ob-
tained by using a cryolite mixture containing 60 percent of sodinem
Monluminate, better resuits were obtained with a higher strength, I
the d0-pereent strengbl s nsed, the quantity per acre shondd e in-
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creased so that the sume nmmber of pounds ef the active ingredient, &
sodium fluonlminate, is applied per acre. On this busis the rate of 5%
application on the plants during the fruit-setting period should range 5
from 28 to 35 pounds per acre per application, or u total of 126 pmmﬁs

for the 4 applications, A corresponding incrense should be made
in the quantity used per acre on the young plants.

Where the tomato pinworm is a minor pest, or during seasons of 2
light pinworm infestation, control may be effected by a treatment
schedule of 4 applications of the 70-percent cryolite misture at
14-day intervals during the fruit-setting period, provided the fourth
applieation is made after the fivst market picking.

Figune 8—Tonntto plants piled in prepurition for burning, ax a comtrol neasure
wgrinst the tomato pinwolm,

Since certain cultural practices have been shown to be favorable to
pinworm development, it naturally follows that some modification of
these practices might afford a degree of control. A program of field
sanitation should include the destruction of old tomuto plants as soon
as the marketable crop hax been removed, the burial of all cull fruit
at marketing tiste, and the use of uninfested seedlings. Where these
practives arve not observed, new tomato fields shonid not be set out
near old plant piles or near old fields in which the plants have been
left standing. If the plants are to be cut and piled they should be
concentrated in small stacks within the field in which they have been
grown (fig. 8}. or on land that will be plowed Iater, until they ave dry
enough to burn. This will allow the pinworm Jarvae that bave ma-
tured to pupate in the soil, where they ean be destroyed by plowing
as soon ax the plants have been burned.  Tomato growers who prefer
to plow the plants under usually cut them up with a disk while they
are still green. :
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